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ABSTRACT
In order to assess whether the environment has a significant effect on galaxy sizes,
we compare the mass–size relations of cluster and field galaxies in the 0.4 < z <
0.8 redshift range from the ESO Distant Cluster Survey (EDisCS) using HST images.
We analyse two mass-selected samples, one defined using photometric redshifts (10.2 6
logM∗/M 6 12.0), and a smaller more robust subsample using spectroscopic redshifts
(10.6 6 logM∗/M 6 11.8). We find no significant difference in the size distributions of
cluster and field galaxies of a given morphology. Similarly, we find no significant difference
in the size distributions of cluster and field galaxies of similar rest-frame B − V colours.
We rule out average size differences larger than 10–20% in both cases. Consistent conclu-
sions are found with the spectroscopic and photometric samples. These results have important
consequences for the physical process(es) responsible for the size evolution of galaxies, and
in particular the effect of the environment. The remarkable growth in galaxy size observed
from z ∼ 2.5 has been reported to depend on the environment at higher redshifts (z > 1),
with early-type/passive galaxies in higher density environments growing earlier. Such depen-
dence disappears at lower redshifts. Therefore, if the reported difference at higher-z is real,
the growth of field galaxies has caught up with that of cluster galaxies by z ∼ 1. Any putative
mechanism responsible for galaxy growth has to account for the existence of environmental
differences at high redshift and their absence (or weakening) at lower redshifts.
Key words: galaxies: clusters: general–galaxies: elliptical and lenticular, cD–galaxies:
evolution–galaxies: fundamental parameters–galaxies: spiral–galaxies: statistics
1 INTRODUCTION
It is well established that galaxies have shown remarkable evolution
in their physical properties such as their sizes over cosmic time. Ob-
servations of present-day galaxies clearly show that their sizes are
correlated with their stellar masses, and that this correlation evolves
significantly over look-back time. This size evolution was put forth
by some of the first works published on this topic showing that
massive quiescent galaxies at high redshift (z > 1) were much
more compact than their local counterparts (van Dokkum et al.
2008; Daddi et al. 2005; Buitrago et al. 2008; Shen et al. 2003;
McIntosh et al. 2005). This growth in galaxy sizes was found to be
? E-mail: ppxkk1@nottingham.ac.uk (KK)
particularly dependent on morphology at a given stellar mass (Tru-
jillo et al. 2006, 2007): spheroids were four times more compact
at z ∼ 1.5 than their local counterparts, whereas z ∼ 1.5 disk-
like galaxies were twice as compact as z ∼ 0 ones. Also it was
observed that such size evolution was mostly observed in massive
galaxies with low star-formation rate (Franx et al. 2008).
Several processes are being considered as possible drivers of
the observed size evolution. Rapid mass loss of cold gas from the
central regions due to AGN feedback (Fan et al. 2008) could ex-
plain the size growth of massive spheroidal galaxies. Size evolu-
tion could also be triggered by environment-dependent processes
such as ‘dry’ mergers, resulting in the increase in size of the stel-
lar distribution in early-type galaxies but without any further star
formation due to lack of gas (van Dokkum 2005). The accretion of
stars following a merger could also lead to the growth of a galaxy’s
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size due to an envelope being formed around the merger remnant
(Naab et al. 2007).
Hierarchical models of galaxy formation and evolution predict
that the densest regions collapsed first and therefore cluster galaxies
would form earlier compared with field galaxies of similar mass
(De Lucia et al. 2004). In essence, cluster galaxies would have had
a ‘head-start’ in their evolution as compared to field galaxies. These
predictions seem to have some observational support. Lani et al.
(2013) find that the mass–size relation of quiescent galaxies at 1 6
z 6 2 shows some environmental dependence: galaxies in dense
environments appear to be larger than those in low-density regions,
suggesting that the galaxy growth may have happened earlier in
the densest environments. This dependence gets weaker from z ∼
1 to z ∼ 0.5, indicating, perhaps, that size evolution in the low-
density regions is ‘catching up’ with that in denser ones. However,
it is not clear whether the observed dependency of size evolution
with environment is due to the fact that galaxies in high-density
environments are, on average, older or if it is due to environment-
driven processes.
Furthermore, Huertas-Company et al. (2013) find no envi-
ronmental dependence of the mass–size relation between z ∼ 1
and the present. There is also extensive evidence indicating that at
z ∼ 0 the mass–size relation for galaxies with a given morphology
does not depend significantly on environment either (Shen et al.
2003; Maltby et al. 2010; Rettura et al. 2010; Poggianti et al. 2013),
although some subtle differences may still be present (Cebria´n &
Trujillo 2014). This seems to suggest that there must be an epoch
when the environment ceases to affect galaxy sizes, perhaps be-
cause the growth has already been completed in all environments.
There are, however, very significant difficulties when compar-
ing different studies at different redshifts. The details governing the
sample selection (e.g., galaxy mass and redshift range), sample di-
vision (e.g., by galaxy colour, visual morphology, Se´rsic index, qui-
escence) and the exact definition and measurement of the environ-
ment are critical. Subtle (and not-so-subtle) differences make direct
comparisons dangerous. Some of these difficulties may be behind
the discrepancies found in different studies. For instance, Raichoor
et al. (2012) used morphologically-selected early-type galaxies at
z ∼ 1.2 and found that the high mass (10 < log(M∗/M) < 11)
cluster galaxies are significantly more compact than similar field
galaxies, whereas Cooper et al. (2012) and Papovich et al. (2012)
found an opposite trend, albeit at higher redshift. It is also important
to remember that, as Valentinuzzi et al. (2010) found, progenitor
bias plays a crucial role when introducing spurious size-evolution
while comparing high- with low-redshift morphological samples.
It is clear that the picture still remains incomplete as to
whether and, if so, when galaxy size evolution depends on en-
vironment. In this paper, therefore, we aim to examine the role
of environment on the galaxy stellar mass–size relation in the
0.4 < z < 0.8 redshift range since this could be the transition
epoch when the putative environmental differences found at higher
redshifts cease to be present. We will compare samples of clus-
ter and field galaxies in a relatively narrow redshift range to avoid
evolutionary effects so that we can concentrate on purely environ-
mental ones. In order to do that we will construct mass-selected
samples of galaxies, subdivided both by colour and morphology, in
cluster and field environments taken from the ESO Distant Cluster
Survey (EDisCS, White et al. 2005).
This paper is structured as follows: Section 2 describes the
data, the sample selection, and the methodology used when defin-
ing the environment and computing the galaxy sizes. Section 3
presents the analysis and discussion of the mass–size relations for
each of our samples. Finally, in Section 4 we present our conclu-
sions. Throughout this paper, we use the standard ΛCDM Cosmol-
ogy with h0 = 0.7, ΩΛ = 0.7 and Ωm = 0.3.
2 DESCRIPTION OF THE DATA
The ESO Distant Cluster Survey (EDisCS) is a multiwavelength
survey comprising 20 fields containing galaxy clusters in the red-
shift range 0.4 < z < 1 (White et al. 2005). The fields were orig-
inally drawn from the parent catalogue derived from the Las Cam-
panas Distant Cluster Survey (LCDS; Gonzalez et al. 2001). Opti-
cal photometry for all fields was obtained using FORS2 on the ESO
Very Large Telescope (VLT), details of which are given in White
et al. (2005). This ground-based photometry included B-, V -, and
I-band imaging for the ten intermediate-z (0.4 < z < 0.5) clus-
ters and V -, R- and I-band imaging for the remaining ten high-z
(0.5 < z < 1) clusters. Spectroscopy with FORS2/VLT was car-
ried out on galaxies selected using the I-band magnitude and the
best-fit photometric redshift from the photometric sample, as de-
scribed in Halliday et al. (2004) and Milvang-Jensen et al. (2008).
The selection criteria applied ensure that the spectroscopic sample
is, essentially, an I-band selected sample. Please refer to the above
papers for a general description of the EDisCS clusters.
In addition, the ten high-z clusters also have HST I-band
imaging data taken using the F814 filter on the ACS Wide Field
Camera in a total of five pointings per field: four adjacent 1-orbit
pointings covering 6.5′ × 6.5′ (which approximately matches the
field of the ground-based VLT optical images) and an additional
4-orbit pointing covering the central 3.5′ × 3.5′ region of each
cluster, centred at the location of the BCG (Desai et al. 2007).
The resulting exposure time for the cluster centres was therefore
10200 seconds, whereas the surrounding area had an effective ex-
posure of 2040 seconds. These 10 cluster fields with HST data will
be the ones analysed in this paper since HST images are needed
to obtain accurate galaxy morphologies and sizes. Table 1 gives a
summary of the properties of the cluster sample used in our analy-
sis.
Note that since the field galaxies are selected and observed in
exactly the same way as those in the clusters, they provide a field
galaxy sample that can be directly and reliably compared with the
cluster sample.
2.1 Sample selection
In order to explore the effect of the environment on galaxy sizes
we need to build stellar-mass-selected samples of cluster and field
galaxies. These samples will then be split up by galaxy morphology
and colour and their mass–size relations compared.
Galaxies are allocated to individual clusters and the general
field using both spectroscopic and photometric redshifts. Galaxies
with spectroscopic redshifts form a subset of the EDisCS photomet-
ric sample. These spectroscopic target galaxies were selected using
their I-band magnitudes measured in a 1′′-radius circular aperture,
with the mid–z and high–z fields having apparent magnitude lim-
its of 18.6 and 19.5 respectively (Milvang-Jensen et al. 2008). The
spectroscopic sample contains relatively bright galaxies, and there-
fore surface-brightness selection effects are negligible because the
FORS2 images reach much deeper than the spectroscopic limits
(by 3-4 magnitudes). As discussed in Milvang-Jensen et al. (2008),
the spectroscopic sample is effectively an I-band limited sample.
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Table 1. Summary of the cluster sample properties (including secondary
clusters, cf. §2.2). Columns 1–5 contain the cluster ID, cluster redshift,
cluster velocity dispersion, cluster mass, and the number of spectroscop-
ically confirmed cluster members (Halliday et al. 2004; Milvang-Jensen
et al. 2008). The cluster masses have been estimated from the velocity dis-
persions following Finn et al. (2005).
Cluster zcl σcl logMcl No. of spec.
(km s−1) (M) members
cl1037−1243 0.5783 319+53−52 13.61 16
cl1037−1243a 0.4252 537+46−48 14.33 43
cl1040−1155 0.7043 418+55−46 13.93 30
cl1054−1146 0.6972 589+78−70 14.38 48
cl1054−1245 0.7498 504+113−65 14.16 35
cl1103−1245 0.9586 534+101−120 14.18 9
cl1103−1245a 0.6261 336+36−40 13.66 14
cl1103−1245b 0.7031 252+65−85 13.27 11
cl1138−1133 0.4796 732+72−76 14.72 45
cl1138−1133a 0.4548 542+63−71 14.33 11
cl1216−1201 0.7943 1018+73−77 15.06 66
cl1227−1138 0.6357 574+72−75 14.36 22
cl1227−1138a 0.5826 341+42−46 13.69 11
cl1232−1250 0.5414 1080+119−89 15.21 52
cl1354−1230 0.7620 648+105−110 14.48 20
cl1354−1230a 0.5952 433+95−104 14.00 14
We will explore the spectroscopic subsample first, which is obvi-
ously smaller but more robust, with more reliable distances (and
thus sizes and stellar masses) and cluster membership information.
Later, we will explore the photometric sample, much larger but with
reduced reliability.
The stellar masses for the spectroscopic sample and photo-z
cluster members (see below) were computed by Benedetta Vulcani
(2013, private communication). Distances to the galaxies were cal-
culated using the individual spectroscopic redshifts for field galax-
ies and the mean cluster redshift (Halliday et al. 2004; Milvang-
Jensen et al. 2008) for cluster members. The stellar masses for the
spectroscopic sample and photo-z cluster members were computed
using the Kroupa (2001) IMF following the method proposed by
Bell & de Jong (2001). The mass completeness limit for the spec-
troscopic sample is logM∗/M = 10.6 (Vulcani et al. 2010) and
for the photometric sample logM∗/M = 10.2 (Vulcani et al.
2011). These mass completeness limits were obtained from the
most distant cluster in our sample, cl1216.8−1201, by determining
the mass of a galaxy with an absolute B-magnitude corresponding
to I = 24(23) for the photometric(spectroscopic) sample and a
colour B − V ∼ 0.9, which is the reddest colour of the galaxies
in this cluster. The stellar masses for the photometric field galax-
ies were not computed as the photometric redshifts are not accurate
enough to estimate reliable distances and thus the rest-frame lu-
minosities and colours required to calculate stellar masses. In all
our samples, we removed the BCGs from each of the ten clusters,
as identified by Whiley et al. (2008), since they do not follow the
mass–size relation of normal galaxies (Maltby et al. 2010). Table 2
provides information on the spectroscopic and photometric sam-
ples used in this paper. Details on how these samples are defined
are given below. Note that further refinement of these samples will
be described in section 2.3.
2.1.1 Morphologically selected sample
Visual morphologies for the galaxies were obtained from the HST
morphology catalogue published by Desai et al. (2007). The mor-
phological classifications were carried out by 5 classifiers, and the
final morphology for each galaxy was assigned using a weighted
combination of the individual classifications. This process is de-
signed to minimize uncertainties and individual biases (Desai et al.
2007). For the spectroscopic morphology-selected sample, only
galaxies with spectroscopic redshifts that were covered by the HST
images were used. Furthermore, in this paper we have collapsed
the fine morphological classes given by the original catalogue into
three broad bins: Ellipticals, S0s and Spirals. Other morphologi-
cal types (mostly irregulars) were excluded. Given the qualitative
nature of the classification process, formal uncertainties are very
difficult to assign to the morphologies, but since the morphological
classes used here are much coarser than those given in the origi-
nal paper, the broad classes that we use are expected to be reason-
ably robust. The spectroscopic morphology-selected sample con-
tains 213 cluster galaxies and 167 field galaxies. The photometric
morphology-selected sample was constructed using galaxies with
known morphologies found in the photo-z catalogues (White et al.
2005; Pello´ et al. 2009), and contains 1167 cluster galaxies and 278
field galaxies1. See Section 2.2 for details of how cluster member-
ship was determined.
2.1.2 Colour-selected sample
Figure 1 shows the rest-frame colour–magnitude diagram for the
spectroscopic morphology cluster sample. These colours were
computed using a 1′′ radius aperture for galaxies in crowded fields
and the SExtractor ISO aperture (Bertin & Arnouts 1996) for other
galaxies (Rudnick et al. 2003). Rest-frame colours were interpo-
lated from the observed magnitudes using spectral energy distribu-
tions fitted using the observed spectroscopic redshifts (Pello´ et al.
2009). To split the sample by colour, a linear fit to the colour-
magnitude relation of the elliptical galaxies was used to determine
the red sequence location and slope. The boundary separating the
red and blue galaxy samples was defined as a line with the same
slope as the red sequence but located 3σ below, where σ is the
scatter of the elliptical galaxy colours around the red sequence. All
the galaxies above this line are considered red and all below blue.
The same boundary was used for the spectroscopic and photometric
samples.
2.2 Environment definition
In this paper, we define the global environment of the galaxies
based on their cluster membership. The method used to determine
cluster membership is different for the spectroscopic and photomet-
ric samples. Following Milvang-Jensen et al. (2008), for the spec-
troscopic sample a galaxy is considered to belong to a cluster if its
spectroscopic redshift lies within ±3σ from the average redshift of
the cluster (zcl). The spectroscopically-defined cluster membership
is therefore expected to be very robust.
For the photometric sample, cluster membership was deter-
mined following the method described in Pello´ et al. (2009). Cluster
1 Please note that, as discussed in section 2.2, when building the field sam-
ple for comparison with the photometric cluster sample, we used the spec-
troscopic field sample but with a stellar-mass limit of logM∗/M = 10.2,
the same limit used for the photometric cluster sample
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Table 2. Properties and sizes of the different samples and sub-samples analysed in this paper. See text for details.
Spectroscopic Photometric
Mass range 10.6 6 log
(
M∗
M
)
6 11.8 10.2 6 log
(
M∗
M
)
6 12.0
Parent Sample
Cluster 213 1167
Field 167 278
Morphology E S0 Sp E S0 Sp
Cluster 39 29 90 224 116 605
Field 21 15 83 35 22 160
Colour Red Blue Red Blue
Cluster 80 78 272 673
Field 46 73 54 163
23.5 23.0 22.5 22.0 21.5 21.0 20.5 20.0
MV
0.2
0.4
0.6
0.8
1.0
(B
−V
) o
Ellipticals
Spirals
Lenticulars
Figure 1. The rest-frame B − V colour–magnitude relation for the com-
bined spectroscopic cluster sample. The solid line shows a linear fit to the
red sequence, while the dotted grey line indicates the boundary separating
the red and blue galaxy samples. This boundary has the same slope as the
red sequence but is located 3σ below, where σ is the scatter of the elliptical
galaxy colours around the red sequence.
members were selected by assigning them a probability of belong-
ing to the cluster that had to be greater than a given threshold. This
threshold was calibrated using the spectroscopic sample in order to
minimize contamination and maximize completeness. Explicitly,
the probability distribution function of each galaxy’s photometric
redshift is integrated within a ±0.1 redshift slice about the cluster
redshift zcl, and the value of this integral has to be higher than the
empirically-determined threshold in order to consider a galaxy as
cluster member. Extensive tests carried out by Pello´ et al. (2009)
using the large number of available spectroscopic redshifts indicate
that the method retains∼ 90% of the cluster members while reject-
ing∼ 88% of non-members for the clusters studied here. However,
it is important to point out that these tests are based on the brighter
spectroscopic sample. For the photometric sample these numbers
are, strictly speaking, upper limits.
All the galaxies not identified as cluster members are con-
sidered to be in the field sample. When building the field sam-
ple for comparison with the photometric cluster sample, we used
the spectroscopic field sample but with a stellar-mass limit of
logM∗/M = 10.2, the same limit used for the photometric clus-
ter sample. As mentioned in Section 2.1, the photo-z uncertain-
ties prevent us from obtaining reliable distances (and thus stellar
masses and intrinsic sizes) for field galaxies without spectroscopic
redshifts.
Note also that some of the EDisCS fields contain secondary
clusters in addition to the main ones. These were discovered when
analysing the spatial distributions and spectroscopic redshifts of
the galaxies in each field (White et al. 2005; Milvang-Jensen et al.
2008). Members of these secondary clusters are, for consistency,
also included in the cluster sample. These secondary clusters are
denoted in Table 1 with ‘a’ or ‘b’ following the main cluster ID.
The field galaxies have a very similar redshift distribution to
the cluster galaxies studied here. This ensures that a direct compari-
son can be made, avoiding redshift-dependent evolutionary effects.
2.3 Galaxy size determination
We used the data pipeline GALAPAGOS (Galaxy Analysis over
Large Areas: Parameter Assesement by GALFITting Objects from
SExtractor; Barden et al. 2012) to obtain the effective radii (Re)
along the semi-major axis of the 2-D surface brightness distribu-
tion of each galaxy in the ten high-z clusters using the HST I-band
images. This pipeline uses SExtractor (Bertin & Arnouts 1996)
for source detection in the input images and GALFIT (Peng et al.
2002, 2010) to fit a 2-D Se´rsic (1968) r1/n model to the individual
sources. This best-fit model is obtained by χ2-minimisation using a
Levenberg-Marquardt algorithm. GALFIT also determines several
structural parameters along with the Se´rsic index n and Re, but we
will not discuss them here. We compared our results with those ob-
tained using the GIM2D software (Simard et al. 2002) and found
that GALAPAGOS is much more robust in giving reliable fits in
crowded regions as it simultaneously fits neighbours. A detailed
analysis and comparison of both these codes is given in Ha¨ussler
et al. (2007).
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To ensure that the sizes used in this study are robust, we vi-
sually inspected all the fitted models and the residuals to reject un-
reliable sizes. We found that fits yielding unphysical values of the
parameters (Re > 5′′ and/or n < 0.2 or n > 6) were almost
always unreliable, leaving very significant residuals. The converse
is also true: when the inspected residuals indicated that the fitted
model was not a reasonable representation of the galaxies’ surface
brightness distribution, the fitted parameters were often unphysical.
The reasons for this were varied. Some galaxies were affected by
uncertain sky subtraction in very crowded regions. A few were very
close to the edges of the images or had relatively bright stars nearby.
There is also a significant number of galaxies showing strong per-
turbations caused by interactions or undergoing mergers. It is not
surprising therefore that in all these cases a Se´rsic model fails to
provide a good description of the light distribution of the galaxies.
Since Se´rsic models are not suitable to fit these objects, the derived
model parameters (including the effective radii) are meaningless
and cannot be trusted. The fractions of field and cluster objects
rejected this way were comparable (∼ 20–30%), and no obvious
environment-depended biases were apparent. These objects were
removed from the samples and not considered in our subsequent
analysis. As a sanity check we tested that including them would not
change our main conclusions. It could be argued that since includ-
ing these objects in our analysis does not change our conclusions,
we could leave them in the sample. However, the advantage gained
by increasing the sample size is lost because including these ob-
jects only adds noise to the statistical tests. On balance, we decided
not to include them.
Table 2 gives the numbers of galaxies in each subsample after
eliminating unreliable fits. The measured Re were converted into
intrinsic linear sizes using the standard cosmology (cf. Section 1),
the individual spectroscopic redshifts for the field galaxies, and the
relevant value of zcl for the cluster members.
3 OBSERVED MASS–SIZE RELATIONS
In this section, we compare the stellar mass–size relation for the
field and cluster galaxies divided by morphology (Figures 2 and 3)
and rest-frame colour (Figures 4 and 5) for the spectroscopic and
photometric samples. In each figure we present the mass–size rela-
tion for the galaxies in each sample, together with averaged values
in stellar-mass bins. These bins are arbitrary, and are only shown
for illustration. The statistical analysis is carried out using the full
cumulative distributions, also shown in the figures. Two-sample
Kolmogorov–Smirnov (K–S) tests were carried out to estimate the
probability p that the field and cluster samples are derived from
the same Re distribution. Environmental differences on the mass–
size relations were considered to be significant if p < 0.05, that is,
when the significance is larger than 2σ.
Note that it makes no physical sense to compare the mass–
size relations of all cluster and field galaxies disregarding their
morphology or colour. The morphology/colour mix of the cluster
population is very different from that of the field (e.g., Butcher &
Oemler 1984; Dressler 1984; Desai et al. 2007). Since early- and
late-type galaxies have very different mass–size relations, any ob-
served differences in the mass–size relations of the cluster and field
global populations would be driven by differences in the morphol-
ogy/colour mix, and therefore the samples need to be divided ac-
cordingly. Since different mass–size relation studies often use dif-
ferent criteria to divide the galaxy population into sub-populations,
in order to assess whether these different criteria yield different
results we decided to divide our sample both by morphology and
colour.
It is very important to emphasise here that it is also neces-
sary to separate elliptical and S0 galaxies in this analysis since
they have very different profiles and formation histories. Indeed,
Bernardi et al. (2013) and Huertas-Company et al. (2013) found
significant differences in the mass–size relation for ellipticals and
S0s. Our data confirm these findings: as figures 2 and 3 show, el-
lipticals are systematically larger (by ∼ 20–25%) than S0s with
similar masses.
Before studying the effect of the environment on galaxy sizes,
it is important to check that the stellar mass distribution of the
galaxies in the subsamples we compare are similar. Vulcani et al.
(2013) found that the mass distributions for red and blue galax-
ies do not significantly depend on the global (i.e., cluster vs. field)
environment at redshifts comparable to ours. Furthermore, Calvi
et al. (2013) found that at lower redshifts the variations of the
mass functions with global environment for galaxies with similar
morphologies are quite small and subtle, and possibly only affect
galaxies with the highest masses2. We found very similar results.
Two-sample K–S tests were used to look for differences in the mass
distributions of galaxies in cluster and field environments, both sep-
arated by morphology and by colour. We found that the mass dis-
tributions for red and blue galaxies do not significantly depend on
their global environment. Similarly, dividing the samples by mor-
phology we found that the K–S tests failed to detect significant
differences in the mass distributions of field and cluster galaxies.
We are therefore confident that the mass distributions of the galaxy
samples we compare are similar in clusters and in the field.
3.1 Mass–size relation for morphologically-selected samples
Figures 2 and 3 show the stellar mass–size relation for the spectro-
scopic and photometric samples divided by morphology into Spi-
rals, Ellipticals and S0s. K–S tests comparing the cumulative size
distributions of field and cluster galaxies with the same morphol-
ogy indicate that the probability that the field and cluster samples
have the sameRe distribution is always over∼ 50% (< 1σ signifi-
cance). This clearly indicates that we have not detected any signifi-
cant effect of the galaxy environment on galaxy sizes. This result is
in agreement with the work of Maltby et al. (2010) who found that
at z ∼ 0.167 no significant environmental effect was evident on the
sizes of cluster and field galaxies of a given morphology. Reassur-
ingly, we obtain entirely consistent results with the spectroscopic
sample, smaller but more robust, and with the photometric sample,
larger but with smaller reliability for individual galaxies.
Finding no significant differences in the galaxy size distribu-
tions in clusters and the field implies either that such differences do
not exist or that, if they do, they are too small to be detected in our
sample. In order to estimate how large a difference has to be for us
to be able to detect it with our data, we built artificial field samples
by randomly increasing the sizes of the cluster galaxies by differ-
ent average amounts and compared these artificial samples with the
original cluster samples via K–S tests. This procedure ensures that
the numbers of field and cluster galaxies compared are the same
as in the original tests. Moreover, by construction, the simulations
use the observed size distributions of the cluster and field samples,
thus retaining any putative intrinsic differences. We concluded that
2 Note that we have eliminated the brightest cluster galaxies from our sam-
ple.
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we would have been able to detect an average size difference of
∼ 20% (∼ 10%) in Re with 2σ significance had it been present in
the photometric (spectroscopic) sample. We therefore rule out size
differences of such magnitude between field and cluster galaxies of
a given morphology.
3.2 Mass–size relation for colour-selected samples
Having found no significant difference between the mass–size re-
lations of cluster and field galaxies with similar morphologies, it is
interesting to carry out a parallel exercise dividing the galaxy sam-
ples by colour since several studies use colour selection when reli-
able morphological or structural information is not available (e.g.,
Lani et al. 2013). The galaxies were divided into red and blue sub-
samples taking into consideration their position with respect to the
red sequence in a rest-frame B − V colour-magnitude diagram, as
described in Section 2.1.2. Figures 4 and 5 show the stellar mass–
size relation for the spectroscopic and photometric samples of field
and cluster galaxies divided by colour, together with their respec-
tive cumulative size distributions. As before, K–S tests fail to de-
tected any significant effect of the cluster environment on galaxy
sizes. Entirely consistent results are derived for the spectroscopic
and photometric samples. These results are also robust against rea-
sonable modifications of the red-blue boundary. We would have
been able to detect an average size difference of ∼ 20% (∼ 10%)
in Re with 2σ significance had it been present in the photometric
(spectroscopic) sample. We therefore rule out size differences of
that magnitude between field and cluster galaxies of a given colour.
3.3 The effect of the cluster and galaxy masses
Given the broad range of velocity dispersions (and thus masses)
that the clusters in our sample have (Table 1) we tested whether
the cluster mass has any effect on our results. We used the velocity
dispersion (σcl) of the clusters as a proxy for cluster mass and sub-
divided our sample into low- and high-mass clusters at the median
σcl value. We then compared the mass–size relations for galaxies in
high- and low-mass clusters with those of field galaxies, divided by
morphology and colour. This exercise was repeated for the spectro-
scopic and photometric samples. Bearing in mind that the cluster
samples are halved in this comparison, thus reducing the sensitiv-
ity of the tests, we found no significant cluster–field differences,
regardless of the cluster mass.
Finally, we tested whether the galaxy mass affects our find-
ings by splitting all the galaxy samples in half at the median stellar
mass. Once again, we found no statistically-significant difference
in the size distributions of field and cluster galaxies for any of the
subsamples.
4 CONCLUSIONS
We have examined the mass–size relations of cluster and field
galaxies from the ESO Distant Cluster Survey (EDisCS) in the
0.4 < z < 0.8 redshift range. We divided the galaxies into clus-
ter and field environments using both spectroscopic and photomet-
ric redshifts. The stellar mass range of the spectroscopic sample is
10.6 6 logM∗/M 6 11.8, while the photometric sample had
stellar masses in the 10.2 6 logM∗/M 6 12.0 range. By com-
paring galaxies in the widest possible range of available environ-
ments we have been able to assess whether the environment has
any effect on the sizes of galaxies with similar morphologies or
colours. Our main conclusions are:
• We find no significant difference in the size distributions of
cluster and field galaxies of a given morphology (E, S0 and Spiral).
We rule out average size differences larger than 10–20% between
field and cluster galaxies of similar morphology and mass.
• Similarly, we find no significant difference in the size distri-
butions of cluster and field galaxies of similar rest-frame B − V
colours (red sequence and blue cloud). Once again, we rule out av-
erage size differences larger than 10–20%.
We obtain entirely consistent conclusions with the spectro-
scopic sample, smaller but more robust, and with the photometric
sample, larger but with smaller reliability for individual galaxies.
These results apply to the full range of masses explored in this pa-
per. Moreover, our findings do not depend on cluster velocity dis-
persion (or cluster mass).
These results have important consequences for the physical
process(es) responsible for the size evolution of galaxies, in partic-
ular the effect of environment on such evolution. The remarkable
growth in size observed from z ∼ 2.5 to the present (by a factor of
2–3 for disks and 4–5 for spheroids) has been reported to depend on
the environment at higher redshifts (z > 1), particularly for early-
type/passive/red galaxies. For instance, Cooper et al. (2012) find
that early-type galaxies in higher density regions tend to have 25%
larger effective radii than their counterparts of equal stellar mass
and Se´rsic index in lower density environments. The stelar mass
range explored by these authors is comparable with ours. Similarly,
Lani et al. (2013) find that the most massive (M∗ > 2× 1011M)
quiescent galaxies at 1 < z < 2 are on average ∼ 50% larger
in high-density environments. Although we cover a broader stellar
mass range than Lani et al., the most massive galaxies in our sample
do not show such environmental-dependent size differences.
It is important to point out that the current evidence for an
environmental dependence of the mass–size relation at high-z is
often limited by small samples and large uncertainties, resulting
sometimes in contradictory results (e.g., Saracco et al. 2014; New-
man et al. 2014). Regardless, our results indicate that large envi-
ronmentally driven differences in the mass–size relation are not
present below z ∼ 0.8–1. Our study complements the work of
Huertas-Company et al. (2013), who found very similar results
when comparing field and group galaxies at similar redshifts and
stellar masses. The main difference between both studies is that our
sample contains a much larger fraction of massive clusters, while
their group and cluster sample is dominated by lower-mass sys-
tems. The combined results of both pieces of research clearly show
that at z < 1 galaxies with a broad range of stellar masses, mor-
phologies and environments show mass–size relations which are in-
dependent of environment (at fixed morphologies and/or colours).
Interestingly, using a relatively large sample of ∼ 400 early-type
galaxies in clusters at 0.8 < z < 1.5, Delaye et al. (2014) found
that the size distribution of cluster early-types is skewed towards
larger sizes compared with that of the field. This results in the av-
erage size of cluster early-types being ∼ 30–40% larger, while the
median size is similar in clusters and in the field. We do not find
such difference in our sample, which spans a lower redshift range.
If both results are correct, it would indicate that the transition epoch
when the field galaxy size distribution has become similar to the
cluster one is somewhere in the region z ∼ 0.8–1, the redshift
boundary between both works. This is, of course, highly specula-
tive, and it would require a homogeneous study spanning the full
redshift range of these two works to confirm this. The combina-
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Figure 2. Stellar mass–size relation for the spectroscopic morphology-selected samples. Left: The stellar mass–size relations for Spiral, Elliptical and S0 field
(blue triangles) and cluster (red circles) galaxies. The larger black triangles and circles show average values in arbitrary mass bins for the field and cluster
galaxies respectively. The horizontal error bars span the size of each bin, and the vertical error bars correspond to 1σ-errors in the meanRe of each bin. Right:
The corresponding Re cumulative distribution function (CDF) for each of the morphologies. The dashed blue and red lines correspond to the field and cluster
samples respectively. The numbers above each CDF plot correspond to the p value derived form the K-S tests discussed in the text. The numbers in the boxes
denote sample sizes.
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Figure 3. As figure 2, but for the photometric morphology-selected samples.
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Figure 4. Stellar mass–size relation for the spectroscopic colour-selected samples. Left: The stellar mass–size relations for blue and red field (blue triangles)
and cluster (red circles) galaxies. The larger black triangles and circles show average values in arbitrary mass bins for the field and cluster galaxies respectively.
The horizontal error bars span the size of each bin, and the vertical error bars correspond to 1σ-errors in the mean Re of each bin. Right: The corresponding
Re cumulative distribution function (CDF) for the red and blue samples. The dashed blue and red lines correspond to the field and cluster samples respectively.
The numbers above each CDF plot correspond to the p value derived form the K-S tests discussed in the text. The numbers in the boxes denote sample sizes.
tion of all these results imply that, if the reported size difference at
higher-z is real, the size growth of field galaxies has caught up with
that of the cluster galaxies by z ∼ 0.8–1. Any putative mechanism
proposed as responsible for galaxy growth has to account for the
existence of environmental differences at high redshift, if these are
confirmed to be real, and their absence (or significant weakening)
at lower redshifts. Hierarchical models of galaxy evolution tend
to predict moderate-to-strong environmental dependence of galaxy
sizes, with the median size increasing by a factor of ∼ 1.5–3 when
moving from low- to high-mass host haloes (see, e.g., Shankar et al.
2014). Since such dependence has been ruled out by observations at
almost all redshifts, significant improvement is still needed on the
modelling front. Furthermore, larger and more robust observational
studies of the galaxy size evolution at all redshifts and in all envi-
ronments are clearly needed to reduce the uncertainties and tighten
the constraints.
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